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Introduction
Handling and driving stability are the most important performance characteristics that influence road traffic safety. When driving in a steady mode, control is one of the features of a more general (complex) property -stability of the vehicle. Manageability at a steady motion allows the driver to promptly and accurately stabilize the azimuth angle and the vehicle turning radius.
The stability and manageability properties should be formed both at the stage of designing new vehicles and during operation of existing vehicles. This issue is especially urgent for trucks with understeer. Development and implementation of specific scientific and technical recommendations based on design and operational parameters of vehicles will increase the efficiency of their operation and road safety in general.
Analysis of previous studies and statement of the problem
The problem of ensuring stability of vehicles has been extensively considered in numerous studies published in Ukraine [1] and abroad [2, 3] . These studies, however, express different opinions on the relationship between the most important performance properties -the stability and controllability of a vehicle, indicating absence of a common approach to their establishment and evaluation.
A steady rectilinear motion of a wheeled car takes place at regular periodic vibrations of the guide wheels [4] , which relates to the need to ensure the course stability by correcting the yaw rate [5] . However, the published studies insufficiently specify the criteria for handling the rectilinear movement of the vehicle, i. e. the course control criteria.
The authors of [6, 7] describe a wheeled car in the road plane as a resilient oscillating system producing forced oscillations. The equation for these oscillations is the following [6]:
where ψ is a course angle of the vehicle at any given time; 
where ω 1 is a circular natural frequency of the elastic system;
where p is an angular frequency of the forced oscillation (in this problem -the frequency of the driver's actions or those of the automatic control device on the steering); 2n is a relation of the damping coefficient damp α to the moment of inertia M Z I . Forced oscillations occur with a frequency of a disturbing force (in this problem -the torque); and if the circular natural frequency is bigger than the frequency of the disturbing force, there is no phase shift between the oscillations and the force (torque). If the frequency of the disturbing force exceeds the natural frequency, there is a phase shift π (180°) [6] . This method can be used to determine the natural frequencies of single vehicles, but it does not provide an assessment of dynamic oscillations in transient modes of movement.
It is known that the biggest instability of vehicles is revealed during braking [8] and in motion within road trains [9] . When the frequencies of natural and forced oscillations coincide, there is a sharp increase in the amplitude of the forced oscillations, known as resonance. In the absence of damping ( damp α =0 and 2n 0 = ), the amplitude A of the forced oscillations increases to infinity. In the vicinity of the resonance point, the value of the forced oscillation amplitude is determined by a dynamic factor F dyn [6] .
where 0 A is a static turn of the system at the amplitude value of torque equal to M torq .
If there is damping (viscous friction forces of resistance), the value of the amplitude of the oscillations is determined by the following correlation:
This approach is used to determine the amplitude of the vehicle's oscillations, but it does not evaluate the impact of structural and operational factors and the technical condition of the vehicle on its directional control.
Thus, adaptation of frequency methods for evaluating resistance to the vehicles' yaw is an expedient issue that requires further research.
Research aim and objectives
The aim of the study is to improve the stability and manageability of vehicles at a steady motion by adjusting the air pressure in the tires, which helps reduce the dynamic factor of the vehicle's yaw.
To achieve this aim, it is necessary to solve the following tasks:
-to determine the dynamic factor of the vehicle's yaw; -to analyse the dependence of the dynamism on the design and operational parameters of the vehicle.
Determination of the dynamic factor at the vehicle yaw
To ensure the stability and controllability of a vehicle at a steady rectilinear motion, it is necessary to satisfy the condition 
Analysis of the dynamic factor dependence on the design and operational parameters of the vehicles
As v poss increases, there is an increase in the dynamic factor [6] , which is determined by the following dependence:
Since the action of the torque moment M torq is disturbing, the increase in the amplitude А of forced oscillations results in an imbalance between the control action and the vehicle's reaction to it. Therefore, when poss nat v v , < the closer the value of the dynamic factor F dyn to 1, the better the controllability and, hence, the stability of the steady rectilinear movement of the vehicle.
Let us consider the worst case in which in expression (8) n 0.
= This expression will be reduced to the following: 
In [10] , a formula is suggested to determine the frequencies of natural oscillations of a vehicle in the road plane: 
We assume that the ratio of the total lateral stiffness of the front and rear wheels of the vehicle is equal to the ratio of the coefficients of resistance to lateral withdrawal, i. e.: 
the natural frequency is less than under condition (11). This means that vehicles with understeer and oversteer have their natural frequency lower than automobiles with neutral steering. It is obvious that the operation of two-axial vehicles with single wheels on the driving axes at changing their centre of mass position, it is possible to satisfy condition (11) by adjusting the internal air pressure in the tires of the front and rear wheels. Equation (10) The analysis of the graphs given in Fig. 1 shows that in vehicles with a neutral steering an increase in the parameter a/L (a displacement of the centre of mass to the front axis) increases the natural frequency of oscillations in the road plane.
When expression (10) is added to equation (9), we obtain the following: 
The analysis of expression (16) shows that with a higher poss v there is an increase of the F dyn . If poss v 0, = the value of F dyn =1. With an increase in the vehicle base L, there is a lower dynamic factor F dyn , whereas with a bigger overall weight, the F dyn increases. The F dyn also increases with a bigger radius of inertia of the automobile Z i in relation to the vertical axis and with a lower C y1 . In Fig. 2 , there are graphs of the dependence at different values of C y1 (the benchmark data for the plotting of the graphs are shown in Table 1 ). The analysis of these graphs shows the presence of a minimum value of F dyn . On achieving the neutral steering of the vehicle (C y1 /C y2 = =b/a), the right side of expression (16) becomes reduced. Therefore, expression (16) becomes as follows:
We assume that v poss =v max poss =0.7 Hz. Equation (17) becomes as follows: Table 1 The geometric parameters and the weight of the vehicle Ural-4320
The The analysis of the graphs in Fig. 3 reveals that in a fully loaded vehicle Ural-4320 the dynamic factor is higher than in an equipped vehicle.
When the C y1 value increases at the described loads of the vehicle Ural-4320, the difference of the values dyn F * * decreases. The right side of equation (16) 
When equation (19) is integrated into equation (16), the result is the following: 
The minimal value (F dyn ) min can be determined by integrating the expression The results are a basis for further research on the yaw stability of multi-axial vehicles and multi-unit automobile trains.
Conclusion
1. The dynamic factor of the vehicle yaw (F dyn ) min only slightly differs from dyn F * * . However, the correlations C y1 /C y2 differ greatly. For an equipped vehicle, C y1 /C y2 = =0.531 at a neutral steering. With F dyn =(F dyn ) min , the value (C y1 /C y2 )* is equal to 0.47. For a fully loaded vehicle, these values are 0.414 and 0.22, respectively. Therefore, for the = at a neutral steering of the vehicle. At equal lateral rigidities in all six wheels in this case C y1 /C y2 =1/2, which is close to 0.531.
2. The design and operational parameters have a significant influence on the vehicle's dynamic factor. With a fully loaded vehicle Ural-4320, C y1 should be increased relatively to C y2 by adjusting the internal air pressure in the tires. For trucks Ural-4320 with dual tires on the equalizer trolley and with equal lateral rigidity of the tires, the ratio C y1 /C y2 =1/4 allows having (F dyn ) min when the vehicle is loaded. If the vehicle is loaded, it is necessary to reduce the air pressure in the tires of the wheels of the equalizer trolley with respect to the air pressure in the tires of the front wheels. This helps bring the ratio C y1 /C y2 to the value of 0.47, which can allow obtaining (F dyn ) min . For two-axial vehicles to have a neutral steering, it is necessary to control and adjust the ratio of the air pressure in the tires of the front and rear wheels.
